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[bookmark: _Toc165218594]Review of PLCs (Programmable Logic Controllers) Currently used in Industry.
When looking at PLCs currently used in industry, there are three basic types, all of which are designed and directed at different markets. These are:
· Compact PLCs
· Modular PLCs
· Rack Mounted PLCs

[bookmark: _Toc165218595]Compact PLCs
A compact PLC is a type of PLC that is designed to be a single, standalone controller that can manage all the functions of a machine or process independently. Compact PLCs are generally used for smaller applications or simpler control tasks where the requirements for input/output (I/O) points and processing power are relatively low. They are often chosen for their simplicity, ease of installation, and cost-effectiveness. These PLCs typically include a fixed number of I/O ports and have limited expandability but are sufficient for basic control tasks.

Examples of Compact PLC Applications:
· Packaging Machines: In small packaging operations, compact PLCs can control simple processes like the timing of conveyors, packaging actuators, and basic product handling mechanisms.
· HVAC Systems: For small buildings or individual zones within a building, a compact PLC can manage heating, ventilation, and air conditioning components, such as fans, dampers, and thermostats.
· Pump Operations: Compact PLCs are often used in applications like pump station control for small water treatment facilities, where they manage start/stop operations, pressure monitoring, and basic safety checks.
· Assembly Lines: Small assembly lines with a limited number of operations can be controlled by a compact PLC, managing simple tasks like drilling, welding, or component placement.
Compact PLCs are a good fit for small, standalone applications that require automation but do not need high levels of complexity or future scalability. Their simplicity and cost-effectiveness make them a popular choice in many industries, although their use is restricted by their limitations.

Advantages and Disadvantages of Compact PLCs:
		Advantages
	Disadvantages

	Compact Size: Unitary PLCs are highly compact, which makes them ideal for applications where space is limited. They can be easily mounted directly onto machinery or within small control panels.
	Limited Scalability: The biggest limitation is their lack of expandability. Once the I/O capacity of a unitary PLC is reached, additional PLCs may be required to handle more inputs and outputs, which can complicate the system.


	Cost-Effective: These PLCs are generally less expensive compared to modular or rack-based systems because they are simpler and contain all necessary components in one unit.

	Limited Functionality: They generally have fewer features and less processing power than modular or rack-mounted PLCs, which can be a drawback for more complex or demanding applications.


	Ease of Installation: With fewer components to manage and configure, unitary PLCs can be quicker and simpler to install and set up, reducing initial setup times and complexity.

	Restricted to Simple Applications: Due to their limited I/O and processing capabilities, unitary PLCs are best suited for simpler tasks. They may not be adequate for handling complex processes or large-scale industrial applications.


	Simplicity: They offer a straightforward approach to automation, without the need for additional modules or extensive configuration. This makes them suitable for small-scale applications with a clear and limited set of requirements.

	

	Reliability: Fewer parts and connections can lead to increased reliability and lower maintenance needs, as there are fewer points of potential failure.

	


Table 1: Advantages and Disadvantages of Compact PLCs
Examples of Compact PLCs on the market:
	Photo
	Brand
	Model
	Link

	[image: ]
	Siemens
	SIMATIC S7-1200
	https://www.siemens.com/global/en/products/automation/systems/industrial/plc/s7-1200.html 

	[image: ]
	Allen-Bradley
	MicroLogix 1100
	https://www.rockwellautomation.com/en-gb/products/hardware/allen-bradley/programmable-controllers/micro-controllers/micrologix-family/micrologix-1100-controllers.html 

	[image: ]
	Mitsubishi Electric
	FX PLC Series
	https://www.mitsubishielectric.com/fa/products/cnt/plc_fx/pmerit/contents/plc/index.html 

	[image: ]
	Omron
	CP1E
	https://industrial.omron.co.uk/en/products/cp1e 

	[image: ]
	Schneider Electric
	Modicon M221
	https://www.se.com/uk/en/product-range/62128-logic-controller-modicon-m221/ 


Table 2: Examples of Compact PLCs on the market
[bookmark: _Toc165218596]Modular PLCs
A Modular PLC is a type of PLC that is designed to be flexible and expandable in terms of its functionality and capacity. Unlike fixed or compact PLCs, modular PLCs allow you to customize and scale the system based on the specific needs of your application.
Examples of Modular PLC Applications:
· Manufacturing: In automotive manufacturing, modular PLCs can control the assembly line, coordinating the operation of robotic arms, conveyors, and welding machines. They can be expanded as new sections of the production line are developed.
· Food and Beverage Industry: Modular PLCs manage processes like pasteurization, bottling, and packaging. As new products are introduced, additional modules can handle new packaging types or batch sizes.
· Water Treatment Facilities: They are used to monitor and control various stages of water treatment, such as filtration, chemical dosing, and pump control. As facilities expand or upgrade, new modules can be integrated to handle additional processes.
· Building Automation: In large building complexes, modular PLCs can control HVAC systems, lighting, and security systems. As buildings undergo renovations or extensions, additional modules can be added to extend control to new areas.
In each of these applications, the choice of a modular PLC over other types of PLC’s hinges on the need for flexibility, scalability, and the complexity of the processes involved.
Advantages and Disadvantages of Modular PLCs:
		Advantages
	Disadvantages

	Scalability: Modular PLCs can be easily scaled up or down by adding or removing modules. This allows for flexibility in designing systems that can grow with increasing automation requirements.

	Higher Initial Cost: The initial cost of a modular PLC system can be higher than that of compact or fixed PLCs, especially for smaller applications where the extensive capabilities of modular PLCs are not required.


	Customization: They offer the flexibility to customize the controller for specific needs, including the type and number of I/Os, level of processing power, and communication requirements.

	Complexity: Setting up a modular PLC system can be more complex, requiring careful planning and skilled personnel for configuration and maintenance.


	Ease of Maintenance and Troubleshooting: Faulty modules can be quickly identified and replaced without affecting other parts of the system, reducing system downtime.

	Physical Size: Modular PLCs can take up more space than compact versions, which might be a drawback in facilities with limited space.


	Advanced Communication Options: They often support multiple communication protocols, making them suitable for complex industrial networks and facilitating integration with other systems.

	Over-Engineering: There is a risk of over-engineering a solution, as the flexibility might lead to designing systems with more functionality than actually needed.


	Cost-Effectiveness for Large Systems: While the initial setup cost might be higher, modular PLCs are more cost-effective in the long run for large and complex systems due to their expandability and ease of maintenance.

	


Table 3: Advantages and Disadvantages of Modular PLCs
Examples of Modular PLCs on the market:
	Photo
	Brand
	Model
	Link

	[image: ]
	Siemens
	Simatic S7-1500
	https://www.siemens.com/global/en/products/automation/systems/industrial/plc/simatic-s7-1500.html 

	[image: ]
	Allen-Bradley
	CompactLogix
	https://www.rockwellautomation.com/en-gb/products/hardware/allen-bradley/programmable-controllers/small-controllers/compactlogix-family.html 

	[image: ]
	Scneider Electric
	Modicon M251
	https://www.se.com/uk/en/product-range/62130-logic-controller-modicon-m251/?parent-subcategory-id=3910 
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	Mitsubishi Electric
	MELSEC iQ-R Series
	https://www.mitsubishielectric.com/fa/products/cnt/plcr/items/ 

	[image: ]
	Omron
	Sysmac NJ/NX Series
	https://assets.omron.eu/downloads/datasheet/en/v7/nj_nx-series_machine_automation_controller_datasheet_en.pdf 

	[image: ]
	ABB
	AC500
	https://new.abb.com/plc/programmable-logic-controllers-plcs/ac500 


Table 4: Examples of Modular PLCs on the market




[bookmark: _Toc165218597]Rack Mounted PLCs
A rack-mounted PLCs are a type of PLC system where the components, including the CPU, power supply, network interface, and various input/output modules, are mounted on a rack or chassis. This setup allows for easy expansion, customization, and maintenance, as additional modules can be added or replaced by simply sliding them into or out of the rack.
Rack-mounted PLCs are particularly advantageous in complex industrial applications where numerous processes need to be controlled and a high degree of scalability and flexibility is required. They are often used in settings where a reliable control system is crucial, and in sectors where the scale and complexity of operations justify the investment in such a robust control system. These systems are essential in settings that require high performance and where system downtime can lead to significant operational disruptions.

Examples of Rack Mounted PLC Applications:
· Manufacturing Plants: In automotive manufacturing, rack-mounted PLCs can control a variety of processes such as assembly lines, robotic arms, and conveyor systems, where high reliability and integration with other systems are crucial.
· Utilities and Power Plants: For applications like monitoring and controlling electrical substations or managing water treatment processes, the robustness and expandability of rack-mounted PLCs make them ideal.
· Oil and Gas Industry: Rack-mounted PLCs are used in oil refineries and natural gas processing plants to handle multiple inputs and outputs, managing everything from drilling to distribution.
· Transportation: In railway systems, these PLCs can manage signal control, station management, and integration with safety systems.

Advantages and Disadvantages of Rack Mounted PLCs:
		Advantages
	Disadvantages

	Modularity and Flexibility: The ability to add or remove modules as needed allows for customization and scalability. This is crucial in industries where system requirements can evolve over time.

	Cost: The initial setup cost for a rack-mounted PLC system can be higher than that for other types of PLCs due to the need for a chassis, multiple modules, and potentially more complex wiring.


	High Capacity and Performance: Rack-mounted PLCs generally offer higher processing power and memory capacity, making them suitable for complex and demanding control tasks.

	Physical Size: They require more space than compact or brick PLCs, which can be a disadvantage in smaller facilities or in applications where space is at a premium.


	Ease of Maintenance and Troubleshooting: Individual components can be easily replaced or upgraded without disrupting the entire system, reducing downtime and maintenance costs.

	Complexity: The configuration and programming can be more complex due to the capabilities and number of modules involved. This might require more skilled personnel for installation and maintenance.


	Standardization: Using standardized racks can simplify the design and integration of the control system with other rack-mounted hardware.

	Over-specification for Smaller Applications: For small applications, the high capacity and functionality of a rack-mounted PLC can be overkill, leading to unnecessary expense and complexity.


	Enhanced Connectivity: These PLCs often support a wide range of communication protocols and interfaces, allowing them to integrate seamlessly with other industrial systems.

	


Table 5: Advantages and Disadvantages of Rack Mounted PLCs

Examples of Rack Mounted PLCs on the market:
	Photo
	Brand
	Model
	Link

	[image: ]
	Siemens
	SIMATIC S7-400
	https://www.siemens.com/global/en/products/automation/systems/industrial/plc/simatic-s7-400.html 

	[image: ]
	Allen-Bradley
	ControlLogix 5580
	https://www.rockwellautomation.com/en-gb/products/hardware/allen-bradley/programmable-controllers/large-controllers/controllogix/1756controllogix5580.html 

	[image: ]
	Schneider Electric
	Modicon M580
	https://www.se.com/us/en/product-range/62098-modicon-m580-pac-controller/ 

	[image: ]
	Mitsubishi Electric
	MELSEC-A Series
	https://www.mitsubishielectric.com/fa/products/cnt/plca/pmerit/concept/index.html 

	[image: ]
	Omron
	CS1D
	https://industrial.omron.co.uk/en/products/cs1d 


Table 6: Examples of Rack Mounted PLCs on the market
[1]




[bookmark: _Toc165218598]Factory I/O
Factory I/O is a real-time automation software where users can design and simulate industrial systems using an array of sensors, conveyors, gates, and other equipment. It functions as a 3D PLC simulation software, providing an innovative way to allow users to build and control their factory layouts using intuitive drag-and-drop tools. Users can simulate realistic industrial applications, including assembly lines and sorting processes. [2]

[bookmark: _Toc165218599]Layout
The images in Figure 1, Figure 2, Figure 3 as well as the layout plan in Figure 4 shows the aerial view and footprint of how the factory has been laid out.Figure 1: Aerial View (Front)


Figure 2: Aerial View (Right)


Figure 3: Aerial View (Left)


Figure 4: Floor Plan (not to scale)


Figure 5: Access areas identified.


[bookmark: _Toc165218600]Input Devices
The Input devices used within the factory design include:
	Input Devices used in Factory I/O

	Start / Stop Buttons
	[image: ]
	Mounted on the control panel, these are used to manually send a command to the PLC to Start or Stop the system.

	Emergency Stop Button
	[image: ]
	Also mounted on the control panel, this immediately halts all operations to prevent accidents, damage, or to address other safety concerns. This is a critical safety feature in any industrial setting. Once activated it sets the Alarm Tag, which stops all operations. The Emergency Stop requires a Master Reset by an engineer to restart the plant.


	Scale Conveyor
	[image: ]
	The purpose of a scale conveyor is to weigh items on the fly as they move along the sorting line without the need to stop or manually handle them. The weight data collected by the scale conveyor is sent to the PLC, which can then be used to control other parts of the system, in our case the pop-up sorter.

	Safety Doors
	[image: ]
	The primary purpose of a safety door is to prevent access to areas with potentially hazardous conditions or machinery in operation. This helps protect workers from mechanical hazards, such as moving parts that could cause injury. The factory has 3 doors as indicated in Figure 4 previously. When the safety door is opened it sets the Alarm Tag, which stops all operations. The Safety Door Alarm requires a Master Reset by an engineer to restart the plant.


	Diffuse Sensors
	[image: ]
	Probably the most crucial input device used within the factory. The diffuse sensor plays a vital role in detecting the presence of objects within the sorting plant. The sensors are strategically placed where they can best detect objects passing their detection range.  Typically, above a conveyor near a pusher, at the entrance and exit points of the sorting machine. Within the factory 9 diffuse sensors are strategically deployed in order to perform two major tasks:
· Detecting Packages
· Counting Packages



Table 7: Input Devices used in Factory I/O























Figure 6: Input Drivers used in Factory I/O







[bookmark: _Toc165218601]Output Devices
The Output devices used within the factory design include:
	Output Devices used in Factory I/O

	Conveyors
	[image: ]
	The conveyors are components used for the movement and handling of the packages within the factory environment. Conveyors facilitate the transport of packages from one part of the sorting plant to another, facilitating a continuous flow in the process. There are 13 conveyors incorporated into the factory design:
· 3x 6-meter Conveyors
· 3x 4-meter Conveyors
· 3x 2-meter Conveyors
· 3x Curved Conveyors
· 1x Scale Conveyor

	Digital Display
	[image: ]
	The digital display, mounted on the scale conveyor, is used as an interface to show the weight of the previous parcel that was weighed on the scales, providing real-time feedback to the operator. The operative can then monitor that the parcel is separated correctly by the pop-up sorter further down the line.

	Stack Lights
	[image: ]
	The stack lights located in the factory serve as an essential visual tool. The lights provide immediate and clear status information about the sorting process, helping operators quickly understand operational conditions. The sorting plant has 4 Stack Lights, one fitted on the control panel which mimics the starting sequence:
· Red – Plant Stopped
· Yellow – Plant Starting
· Green – Plant Running
The other three are situated near the removers of each of the three sorting lines. These indicate the health of each line independently:
· Red – Alarm triggered on sorting line.
· Yellow – Warning triggered on sorting line.
· Green – Sorting Line Running Healthy


	Pushers
	[image: ]
	The pushers are mechanical devices used to alter the path of the packages on the sorting plant, by pushing them from one conveyor to another. The pushers are strategically placed along the conveyor systems where items need to be directed to different paths. After the appropriate diffuse sensor detects the suitable sized package, a timer then begins to count down before activating the pusher to sort the package to the appropriate package line. Two pushers have been added to the factory design. One to separate Large Boxes, and one to separate the Medium & Small Boxes.


	Pop Up Sorter
	[image: ]
	The pop-up sorter is used to direct items on a conveyor line to different destinations based on specific criteria such as weight. These devices provide high-speed and precise sorting capabilities. The Pop-up sorter in the factory design is integrated into conveyor system next to the scale conveyor. Once the weight of the package has been assessed, the information gathered is sent to the PLC, which decides the appropriate route for each package based on the predefined criteria in Network 12.


	Sirens
	[image: ]
	Sirens are used as auditory signalling devices to alert operators to various conditions or events. These devices can be used to signal emergencies, operational changes, or safety warnings. The sorting plant has 2 sirens fitted above the control panel. They are used for the following:
1. Operational Signal: The first siren is used to indicate the starting of the plant operation.
2. Safety Warnings: The second siren will alert the operator to a potential safety issue once one of the safety doors have been opened.


	Warning Lights
	[image: ]
	The warning lights are used as a visual signalling device to indicate various operational statuses and alarms. These lights are crucial for safety and operational efficiency on the plant floor, where they can visually cue operators about the plant state and also potential hazards. The factory has 5 Warning Lights, two near the control panel which are programmed to flash if one of the three safety doors are opened and triggers the alarm, and three situated near each of the sorting lines. These are programmed to light up if the corresponding line develops a warning status, and stays illuminated if the corresponding Alarm is triggered. 



Table 8: Output Devices used in Factory I/O































Figure 7: Output Drivers used in Factory I/O


Figure 8: Control Pannel including Start & Stop Buttons, Running Indicators, Emergency Stop, Sirens & Operational Stack Light





Figure 9: Pusher 1






[image: Pusher 7]Figure 10: Pusher 2




Figure 11: Scale Conveyor






[image: Pop Up Sorter 2]Figure 12: Pop-Up Sorter - Parcel BELOW 4.5kg (Sort Left)





Figure 13: Pop-Up Sorter - Parcel ABOVE 4.5kg (Sort Right)






[image: ]Figure 14: Safety Doors Open c/w Warning Lights Flashing





Figure 15: Plant in Normal Operation





[bookmark: _Toc165218610]Factory I/O Driver Table

[image: D:\PLCs\Screenshots 2\Factory IO Addresses 2.png]Figure 16: Factory I/O Driver Table














[bookmark: _Toc165218602]Ladder Logic Program
[bookmark: _Toc105515375]The typical method of programing PLCs is using ladder logic. 
The ladder logic approach to programing is popular because of its similarity to standard electrical circuits. Two vertical lines supplying the power are drawn at each end of the diagram with the lines of logic drawn in horizontal lines. 
In drawing a ladder diagram, certain rules are adopted:
· The vertical lines of the diagram represent the power rails between which circuits are connected. The power flow is taken to be from the left-hand vertical across a rung.
· Each rung on the ladder defines one operation in the control process.
· A ladder diagram is read from left to right and from top to bottom. 
The top rung is read from left to right. Then the second rung down is read from left to right and so on. When the PLC is in its run mode, it goes through the entire ladder program to the end, and then promptly resumes at the start. This procedure of going through all the rungs of the program is termed a cycle. 
· Each rung must start with an input or inputs and must end with at least one output. [3]

[bookmark: _Toc105515378][bookmark: _Toc165218606]Equipment Requirements
The equipment used was as follows:
· PC
· Factory I/O Software
· Siemens Totally Integrated Automation Portal V16 Software

[bookmark: _Toc105515379][bookmark: _Toc165218607]System Drawing

Factory I/O

Siemens WinC RT Simulator HMI

Computer

Siemens TIA

Figure 17: System Drawing


[bookmark: _Toc105515377][bookmark: _Toc165218605]Automated Sorting System Flow Chart
[image: A diagram of a company structure

Description automatically generated]
Figure 18: System Flowchart


NOTE: A copy of the system flowchart yEd file is attached in Appendix A
[image: A diagram of a software system

Description automatically generated with medium confidence]






















 

Figure 19: Simplified System Flowchart
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Figure 20: PLC Tag Table

[bookmark: _Toc105515383][bookmark: _Toc165218612]Coding
The Siemens TIA Portal V16 software was used for coding the program in ladder logic. The program is designed with 24 networks, which are set out below:

[bookmark: _Toc165218613]Network 1:  Communication between TIA & Factory I/O
[image: Network 1]Figure 21:Network 1: Communication between TIA & Factory I/O


Figure 21 shows the initial communication Network that enables the communication between the Siemens PLC and the Factory I/O via PLC Lab.
 
Network 2:  Operate the plant.Figure 22: Network 2:  Operate the plant.


Network 2 is how the sorting plant starts, stops and keeps running during the “operation” of the plant, as seen in Figure 22. When the START button is pressed on the Panel Board or the HMI, the output action is that the Operate Tag is activated. Here we also see an OR gate, with the argument that if the Start button is pressed OR if the Operate tag is active, the plant will continue to operate. Without this, then the operator would need to keep pressing the start button. This is then dependent on the ‘Normally Closed’ Master Alarm contact not being activated. Once the master alarm is activated the program will stop. The STOP button being in series to the START button cuts the power going to output, and therefore stopping the program.  

[bookmark: _Toc165218615]Network 3:  Conveyors start sequence.















Figure 23: Network 3: Conveyors start sequence.


Network 3 is how the starting sequence for the plant is initiated. Once the Operate tag is active, a pulse timer is initiated, which sounds the siren for 2.5 seconds. This is then followed by a sequence of ‘Time On’ timers which start all of the conveyors, including the scale conveyor and the pop-up sorter starting in a sequential pattern of 500ms apart, as seen in Figure 23.












[bookmark: _Toc165218616]Network 4: Triggering and operating pushers.

Figure 24: Network 4: Triggering and operating pushers.


Network 4 is the part of the program that activates the 2 pushers to separate the packages. When the plant is operational, and a package activates Diffuse Sensor 1, a 750ms pulse timer is generated, which in turn starts a Time On timer with a delay of 500ms in order to give enough time for the package to move in front of the pusher. Pusher 1 then activates and separates the Large Box from the main line. This can be seen from Figure 24. Additionally, the same process is added in parallel with the above, if a package activates Diffuse Sensor 3, an 850ms pulse timer is generated, which in turn starts a Time On timer with a delay of 600ms in order to give enough time for the package to move in front of the second pusher. Pusher 2 then activates and separates the Medium & Small Boxes from the main line.
[bookmark: _Toc165218617]Network 5:  Counters

Figure 25: Network 5:  Counters


Network 5 programs the box counter facility within the factory. When the plant is operational, the counting process runs in parallel to count different size boxes. The table below shows what devices are used to count each box.

		Box Size
	Device Used to Count Up

	Large Boxes
	Diffuse Sensor 1

	Total Boxes
	Diffuse Sensor 2

	Pallet Boxes
	Diffuse Sensor 5

	Small Boxes
	Diffuse Sensor 6

	Medium Boxes
	Diffuse Sensor 7


Table 9: The devices used to count each size box.

For the Large Box counter, when a package activates ‘Diffuse Sensor 1’ a ‘High’ value of 1 is added to the ‘Count Up’ (CU) input of the counter program block. The program block then outputs the ‘Count Value’ (CV) 1 to the ‘Large Box Counter’ in the ‘Memory Word’ location %MW200. This PLC Tag is then utilized by the HMI to display the real time Box Count as the plant is running. The HMI also has a button ‘Box Counter Reset’ which is linked to the PLCs ‘Counter Reset’ tag. When this button is pressed, the program blocks counter ‘Reset’ (R) goes to a ‘High’ value, thus resetting the counter block and the HMI counter display. 
The process is similar for all package sizes, as seen in Figure 25.

[bookmark: _Toc165218618]Network 6:  Warning and Alarm Flags
Figure 26: Network 6:  Warning and Alarm Flags


Network 6 as seen in Figure 26 programs the ‘Warning & Alarm Flags’ and the ‘Master Alarm’. Each rung of the network represents either the Warning or the Alarm, which are tagged in ‘Memory Byte’ (MB) locations. Each consisting of 8 bits, which allows for 8 separate warnings or alarms to activate the appropriate flag. The ‘Master Alarm’ runs in parallel with ‘Alarm Flag’, meaning if an alarm is raised, the master alarm is triggered and will need a ‘Master Reset’.

Network 7:  HMI Emergency StopFigure 27: Network 7:  HMI Emergency Stop


Network 7 programs the ‘Emergency Stop’. Figure 27 shows the HMI Emergency Stop Tag, and the PLC Tag are linked, so that if the function is activated either on the Panel Board or the HMI the output state of the program is that one of the Alarm Memory bits are ‘Set’. Consequently, as seen in Figure 26, when an ‘Alarm Flag’ is raised, a ‘Master Alarm’ runs, meaning the alarm will need a ‘Master Reset’.


[bookmark: _Toc165218620]Network 8:  Restarting weigh scale conveyor.

Figure 28: Network 8:  Restarting weigh scale conveyor.

Network 8 programs the ‘Scale Conveyor’ to restart. Figure 28 shows that when the ‘Scale Conveyor Flag’ is open, the output result is the Scale Conveyor runs.


[bookmark: _Toc165218621]Network 9: Weigh scale sensor to pause weigh scale conveyor.

Figure 29: Network 9: Weigh scale sensor to pause weigh scale conveyor.

Figure 29 above shows Network 9. This programs the ‘Scale Conveyor’ to ‘Pause’ in order to weigh the package. When a package activates ‘Diffuse Sensor 4’, the ‘Scale Conveyor Flag’ bit ‘Resets’ to a normally closed state, thus stopping the scale conveyor.  







[bookmark: _Toc165218622]Network 10:  Weighing the parcel and storing the result. 

Figure 30: Network 10:  Weighing the parcel and storing the result.

Network 10 programs the weighing of the Medium and Small packages on the scale conveyor. When ‘Diffuse Sensor 4’ is triggered, as well as resetting the scale conveyor bit, it activates a 850ms Time On timer in order for the package to come to a stop. Once stationary, a 25ms pulse timer is activated in order to read the ‘Scale Conveyor Weight’ which is fed into the ‘MOVE’ function block. The program block then outputs the ‘Weight’ as a ‘REAL’ value to ‘Memory Data’ location %MD400. Finally, a second 850ms Time On timer is activated, and the ‘Scale Conveyor Flag’ bit ‘Sets’ to a normally open state, thus restarting the scale conveyor. The process is seen in Figure 30.


[bookmark: _Toc165218623]Network 11:  Displaying the parcel weight on the screen.

Figure 31: Network 11: Displaying the parcel weight on the screen.

Once the package weight value has been stored in ‘Memory Data’ location %MD400 as seen in Figure 30, another ‘MOVE’ function block is required to move the value to the Digital Display on the scale conveyor, as seen in Figure 31. 

[bookmark: _Toc165218624]Network 12:  Operating the pop-up sorter.

Figure 32: Network 12: Operating the pop-up sorter.

Network 12 shows the part of the program that decides if the package that has just been weighed is a Medium or Small Box, and in turn, which direction it needs to go on the pop-up sorter, as seen in Figure 32. Before the parameters are set, however, the weight value of the boxes needs to be established. This can be seen in Table 10 below:

	Box Size
	Package Weight

	Small Boxes
	4 Kg

	Medium Boxes
	5 Kg


Table 10: Package Weights

Once the package weight value has been stored in ‘Memory Data’ location %MD400, it is then fed into another ‘IN_RANGE’ function block. The data ‘Value’ (VAL) is fed in and compared against a pre-programed ‘Minimum’ (MIN) and a ‘Maximum’ (MAX) value. From Figure 32 we see that from rung 1 of the Network the Small Box falls between 3.7-4.5 Kg and the output ‘Sets’ ‘Pop up left’ and ‘Resets’ ‘Pop up right’. We also see from rung 2 of the Network the Medium Box falls between 4.75-5.75 Kg and the output ‘Resets’ ‘Pop up left’ and ‘Sets’ ‘Pop up right’.

[bookmark: _Toc165218625]Network 13:  Operate Stack Light

Figure 33: Network 13: Operate Stack Light

Network 13 controls the indicator, and the 3 tier stack lights on the panel board, as seen in Figure 33. 
· Rung 1 – If the first 6-meter conveyor is ‘NOT’ running the output will be the ‘Red Stack Light’ ‘ON.’
· Rung 2 – If the first 6-meter conveyor is ‘RUNING’ the output will be the ‘Green Stack Light’ ‘ON.’
· Rung 3 – If the Siren (from Network 3) is ‘ON’ the output will be the ‘Yellow Stack Light’ ‘ON.’
· Rung 4 – If the Green Stack Light is ‘ON’ the output will be the ‘Green Indicator Light’ ‘ON.’
· Rung 5 – If the Plant is ‘NOT’ operating the output will be the ‘Red Indicator Light’ ‘ON.’

[bookmark: _Toc165218626]Network 14:  Large Box Error Counter

Figure 34:Network 14: Large Box Error Counter

Network 14 part of the program creates an Error Counter for Large Boxes on the sorting system. When the plant is operational, and a package activates ‘Diffuse Sensor 1’, as well as triggering Pusher 1, the ‘High’ value is also fed into a ‘Count Up and Down’ function block through the ‘Count Up’ (CU) input. As the sorted package leaves the sorting system and activates ‘Diffuse Sensor 8’, the ‘High’ value is fed into the CTUD block through the ‘Count Down’ input. The program block then outputs the ‘Count Value’ (CV) 1 to the ‘Large Box Error Counter’ in the ‘Memory Word’ location %MW210. This PLC Tag is then utilized by the HMI to display the real time ‘Large Box Errors’. The HMI also has a button ‘Reset Error Counters’ situated in the Engineers Screen which is linked to the PLCs ‘Counter Reset Errors’ tag. When this button is pressed, the program blocks counter ‘Reset’ (R) goes to a ‘High’ value, thus resetting the counter block and the HMI counter display. This is shown in Figure 34.







[bookmark: _Toc165218627]Network 15:  Large Box Warning & Alarm
[image: Network 15]
Figure 35: Network 15:  Large Box Warning & Alarm

Network 15 programs Large Box Error Warning, and Alarm. The permitted number of Warnings and Alarms can be programmed into the system from drop down boxes on the HMIs Engineers Screen. Figure 35 shows that if the ‘Large Box Error Count’ is equal or greater than the value programmed into the HMI a Warning or Alarm will be triggered. 
 
[bookmark: _Toc165218628]Network 16:  Pallet Box Error Counter

Figure 36: Network 16:  Pallet Box Error Counter

Network 16 part of the program creates an Error Counter for Pallet Boxes on the sorting system. This is done in the same way as the Large Box Error Counter in Network 14, as seen in Figure 36.








[bookmark: _Toc165218629]Network 17:  Pallet Box Warning & Alarm 
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Figure 37: Network 17:  Pallet Box Warning & Alarm

Network 17 programs Pallet Box Error Warning, and Alarm. Figure 37 shows this to be similar to Network 15.










[bookmark: _Toc165218630]Network 18:  Medium / Small Box Error Counter

Figure 38: Network 18:  Medium / Small Box Error Counter

Network 18 part of the program creates an Error Counter for Small / Medium Boxes on the sorting system. This is done in the same way as the Large Box Error Counter in Network 14, as seen in Figure 38.








[bookmark: _Toc165218631]Network 19:  Pallet Box Warning & Alarm

Figure 39: Network 19:  Pallet Box Warning & Alarm

Network 19 programs Small / Medium Box Error Warning, and Alarm. Figure 39 shows this to be similar to Network 15.









[bookmark: _Toc165218632]Network 20:  Total Box Error Counter

Figure 40: Network 20: Total Box Error Counter

Network 20 part of the program creates an Error Counter for Total Boxes on the sorting system. This is done in the same way as the Large Box Error Counter in Network 14, as seen in Figure 40.





[bookmark: _Toc165218633]Network 21:  Large box line warning and alarm lights
Figure 41: Network 21:  Large box line warning and alarm lights.


Network 21 as seen in Figure 41 controls the Warning Light and the 3 tier Stack Lights located near the remover, that indicate the health of the Large Box sorting line. 
· Rung 1 – If the ‘Large Box Error Count’ is equal or greater than the Large Box Alarm value programmed into the HMI the ‘Red Stack Light Large Line’ will be ‘ON.’
· Rung 2 – If the ‘Large Box Error Count’ is equal or greater than the Large Box Warning value programmed into the HMI the ‘Yellow Stack Light Large Line’ will be ‘ON.’
· Rung 3 – If ‘Conveyor 4’ is ‘RUNING’ the output will be the ‘Green Stack Light Large Line’ ‘ON.’
· Rung 4- If the ‘Yellow Stack Light Large Line’ is ‘ON’ OR if ‘Red Stack Light Large Line’ is ‘ON’ the Yellow ‘Warning Light 4’ will be ‘ON’ (Flashing)
[bookmark: _Toc165218634]Network 22:  Pallet box line warning and alarm lights
Figure 42: Network 22:  Pallet box line warning and alarm lights.


Network 22 as seen in Figure 42 controls the Warning Light and the 3 tier Stack Lights located near the remover, that indicate the health of the Pallet Box sorting line. This is similar to Network 21.





[bookmark: _Toc165218635]Network 23: Small / Medium box line warning and alarm lights






















Figure 43: Network 23: Small / Medium box line warning and alarm lights.

Network 23 as seen in Figure 43 controls the Warning Light and the 3 tier Stack Lights located near the removers, that indicate the health of the Small / Medium Box sorting line. This is similar to Network 21 & 22.
[bookmark: _Toc165218636]Network 24:  Safety Doors Alarm / Sirens / Lights

Figure 44: Network 24:  Safety Doors Alarm / Sirens / Lights

Network 24 programs the ‘Safety Doors’ into the system. Figure 44 shows that all three of the safety doors are ‘Normally Closed’ contacts. If any of the three doors are opened for any reason, they trigger a ‘Time On’ function block with a 3 second delay. The program block then outputs to trigger ‘Alarm 4’ which will STOP the plant. Rung 2 of the Network, programs that if ‘Alarm 4’ is triggered then both ‘Warning light 0’ and ‘Warning Light 1’ situated near the control panel will be ON (Flashing), and a pulse timer is initiated, which sounds the ‘Gate Siren’ for 5 seconds. 
NOTE: The safety doors in the simulation have been fitted with a 3 second delay timer. This is to show understanding of implementing delay timers only. In real life scenario the opening of the doors would instantly set the alarm and stop the plant operating. To remove the delay, simply remove the TON Timer from Network 24.





[bookmark: _Toc105515399][bookmark: _Toc165218637]HMI
The Human Machine Interface (HMI) is where the human and the machine interact during a given task. Interaction can include touch, sight, sound, heat transference or any other physical or cognitive function. The goal is to produce a user interface which makes it easy, efficient, and enjoyable to operate a machine. This generally means that the operator needs to provide minimal input to achieve the desired output. Therefore, computer system designers should consider humans as an integral and indispensable part in the design of Man-Machine Interface (MMI) at each stage. MMI systems, dialogue structures, coding and presentation, etc. must consider the end users and operators who operate the system. This will result in the users and operators being able to exploit its worth to the maximum in safe and optimal operation of the process/machine under their control. [4]

[image: C:\Users\114663\AppData\Local\Microsoft\Windows\INetCache\Content.Word\simatic-hmi-panels.png]








[5]
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Figure 45: HMI Tag Table









[bookmark: _Toc165218639]HMI Screens

The HMI consists of 4 screens as follows:

[bookmark: _Toc105515400][bookmark: _Toc165218640]Root Screen

The “Root Screen” or “Home Screen” is the main operating screen on the HMI. It gives the operator information of how many parcels have been sorted, as well as offering Start & Stop functionality. This screen is open to Operators and Engineers alike. 
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Figure 46: Root Screen - Before Operation


Figure 46 shows the Root Screen in the initial startup state while Figure 47 shows the screen during normal operation, meanwhile Figure 48 shows the screen in a Stopped state, note the Warning light is illuminated. 
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Figure 47: Root Screen - During Operation
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Figure 48: Root Screen - Stopped Operation


[bookmark: _Toc165218641]Warning & Alarm Screen
The “Warnings / Alarms Screen” is a window into the health of the system on the HMI display. It gives the operator information of how many Warnings and if any Alarms have been triggered. This screen is also open to Operators and Engineers alike and is accessed from the Root Screen.
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Figure 49: Warnings / Alarms Screen - Normal Operation
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Figure 50: Warnings / Alarms Screen - With Warning

	Warnings / Alarms Screen Instructions

	Warning 0
	Unused
	Emergency Stop
	Emergency Stop triggered on Control Panel or HMI

	Large Box Warning
	Large Box Error Count is equal or greater than the Large Box Warning value programmed into the HMI
	Large Box Alarm
	Large Box Error Count is equal or greater than the Large Box Alarm value programmed into the HMI

	Pallet Box Warning
	Pallet Box Error Count is equal or greater than the Pallet Box Warning value programmed into the HMI
	Pallet Box Alarm
	Pallet Box Error Count is equal or greater than the Pallet Box Alarm value programmed into the HMI

	Small / Medium Box Warning
	Small / Medium Box Error Count is equal or greater than the Small / Medium Box Warning value programmed into the HMI
	Small / Medium Box Alarm
	Small / Medium Box Error Count is equal or greater than the Small / Medium Box Alarm value programmed into the HMI

	Warning 4
	Unused
	Safety Door Open
	A Safety Door is open

	Warning 5
	Unused
	Alarm 5
	Unused

	Warning 6
	Unused
	Alarm 6
	Unused

	Warning 7
	Unused
	Master Alarm
	Alarm triggered, meaning Master Alarm activated.


Table 11: Warnings / Alarms Screen Information Table












[bookmark: _Toc165218642]Engineers Screen

The “Engineers Screen” is how Warning & Alarm parameters are set within the system. Counter Errors are reset here, along with the Master Alarm Reset. Warning And Alarm Flags are displayed in the top right corner. The minimum count values are shown below: -
· Minimum WARNING value for normal operation	---> 	3
· Minimum ALARM value for normal operation		---> 	5

This screen is accessible to Engineers Only and in normal operation would be “PIN Protected” and is accessed from the Root Screen and the Warnings / Alarms Screen.
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Figure 51: Engineers Screen - Normal Operation
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Figure 52: Engineers Screen - Warning Flag display.

















[bookmark: _Toc165218643]Sensor Array Screen

The “Warnings / Alarms Screen” is a window into the health of the system on the HMI display. It gives the operator information of how many Warnings and if any Alarms have been triggered. This screen is also open to Operators and Engineers alike and is accessed from the Root Screen.
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Figure 53: Sensor Array Screen - Diffuse Sensor 8, Pop-Up Sorter (Left) activated.
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Figure 54: Sensor Array Screen - Diffuse Sensor 4, Scale Conveyor, Pallet Line Warning Flag, Pop-Up Sorter (Right) activated.
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Figure 55: Sensor Array Screen - Diffuse Sensors 3, 8 & 7, Pusher 1, Pop-Up Sorter (Right) activated.

[bookmark: _Toc165218644]Testing
Testing was carried out during the design process after each modification or addition of new networks to the code. If after each test is carried out and any additional network or code is found to be faulty following the compiling process, then the modified code is withdrawn, and a new attempt was made. Only once the code has been successfully compiled, then the new code would be saved.


[bookmark: _Toc165218645]Demonstration
The system was demonstrated in the laboratory and a video was taken of the working model.
Please follow the link below to view the recording:
https://www.youtube.com/watch?v=A1cIYpMN3bk 

[bookmark: _Toc165218646]Summary 
The assessment was a success, as the design specification was met, with additional functionality added to the system which exceeds the initial design requirement. Basic knowledge of PLCs and Ladder Logic has been acquired, as well as some insight into the subject of automated plant control and Factory hardware working parameters as highlighted in this report.














[bookmark: _Toc165218647]Conclusions
Did it meet the design specification?
The task requested that we create an Automatic sorting system to sort different size packages based on size and weight as the packages continually flow across a moving conveyor belt. 
This was completed successfully and demonstrated within the laboratory.  A virtual PLC was used within Factory I/O where the following were incorporated: 
· 12x Conveyor Belts 
· 2x Pushers 
· 1x Conveyor Scale
· 8x Diffuse Sensors
· 1x Emergency Stop Button
· 2x Buttons 
· 2x Siren
· 5x Warning Light
· 4x Stack Lights 
· 1x Package Emitter 
· 4x Package Removers
· 3x Safety Doors
· 1x Pop Up Sorter
The virtual PLC was also used to control the various operations, which include:
· Buttons for starting and stopping the system. 
· HMI emergency stop button. 
· HMI button to reset all counters. 
· HMI counters 
· HMI replication of the stack lights 
· HMI Alarm and warning indicators 
· Conveyors started in sequence to limit the current draw at start up. 
· A manual reset of alarm signals once the alarm issue is corrected. 
· Pre-setting counter Warning numbers on the engineering screen via data entry points.  
· An Alarm and Warning screen which displays Alarm and Warnings when Counter warning number exceeded for each counter. 








[bookmark: _Toc165218648]Recommendations
Even though the system meets and, in some areas, exceeds the design specification, if I was to replicate this project again, there are several features that could be added/altered to the system in the future to make it more efficient. 
The system could be improved by making some component and program changes:
Component Changes:
· The system could be modified so sensors identified different types of material instead of size and weight.
· If the Design Requirement was to design a system (without the need of minimum hardware inclusion), the sorting system could be designed to be much smaller and more efficient. As per Figure 56
Figure 56: Possible 'Reduced' layout.


Leading to:
· Lower hardware costs
· Lower maintenance costs
· Lower staff requirements
· Smaller factory footprint
· Packages could be diverted - Once a certain number of packages had been packed i.e. full pallet, the next packages could be returned to the main conveyor and not separated until reset by operator.

Program Changes:
· The system could be programed to sort more than one object at a time.
· The Engineer screen could have more functionality. 
· Individually Start & Stop components for maintenance.  
· The Engineer screen currently can be accessed by any user (as per lecturer request) this could be password protected access only. 
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You are required to design and control a factory system which sorts 4 different packages based on
size and weight. The factory is to be designed in Factory 1/O and must contain and control the
following as a minimum: -

o 4conveyor belts
o 2pushers

o 1conveyorscale
o 2Diffuse sensors
* 1EmergencyStop
« 26uttons

o Lsiren
 1warninglight
o 2stacklights

o limit the current draw at start up, each conveyor should be started in sequence. A manual reset
of alarm signals once the alarm issue is corrected.

The system will equire an HMI for operator interaction. The HMI must have the following controls
and displays available on the root screen: -

« Buttons for starting and stopping the system.
o An emergency stop button.

o Abutton toreset all counters,

o counters

o Areplication of the stack lights

o Fault and warning indicators

Afault and warning screen which displays alarm and warnings. Warning and alarm must include: -

o Counter warning number exceeded for each counter.

An engineering screen which has data entry points for:

o Pre-setting counter Warning numbers

The factory must aso have the following which may be manally controled

o 1Ppacksge Emitter
o Package Removers
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